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(57) ABSTRACT 

An image reading apparatus having a color line sensor and 
a monochromatic line sensor starts to read on the basis of the 
color reading start position When reading the image of a 
document in color and starts to read on the basis of the 
monochromatic reading start position When reading the 
image of a document in monochrome. 
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IMAGE READING APPARATUS AND IMAGE 
READING METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from prior Japanese Patent Application 
No. 2003-056324, ?led Mar. 3, 2003, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to an image reading appara 
tus and an image reading method Which scan the reading 
face of a document optically and convert the scanned data 
into color image data or monochromatic image data. 

[0004] 2. Description of the Related Art 

[0005] In a conventional image reading apparatus (or a 
color image reading apparatus) Which reads images on a 
document in color, the entire document is scanned optically 
by moving the carriage and the color images are read by the 
color CCD sensor. The conventional color image reading 
apparatus uses a 3-line CCD sensor as a color CCD sensor. 

The 3-line CCD sensor is composed of the folloWing three 
line CCD sensors: a ?rst line CCD sensor that outputs a red 
component (R signal), a second line CCD sensor that outputs 
a green component (G signal), and a third line CCD sensor 
that outputs a blue component (B signal). In an image 
reading apparatus With three line CCD sensors, When a 
monochromatic image is read, a monochromatic image is 
created on the basis of the signals (RGB signals) outputted 
from the three line sensors. 

[0006] In the conventional image reading apparatus, the 
output of each of the three line CCD sensors constituting the 
3-line CCD sensor is not alWays uniform. This nonunifor 
mity results from variations in the sensitivity of a piXel unit 
in each line CCD sensor and a decrease in the amount of 
light around the lens caused by the light distribution char 
acteristic of the eXposure lamp that illuminates the document 
and the characteristic of the lens. Thus, in the conventional 
image reading apparatus, a reference plate (shading correc 
tion plate) acting as a White reference is read by the 3-line 
CCD sensor. On the basis of the result of the reading, the 
output signal from the 3-line CCD sensor is corrected (or the 
shading is corrected). 

[0007] Therefore, in the image reading apparatus With the 
3-line CCD sensor, the White reference plate is alWays read 
in the same reading position. This is because the image 
reading apparatus With the 3-line CCD sensor reads not only 
color images but also monochromatic images With the three 
line CCD sensors. Consequently, the conventional image 
reading apparatus With the three-line CCD sensor reads the 
shading correction plate in the ?Xed reading position, 
regardless of Whether the image of the document is read in 
color or in monochrome, and makes a shading correction of 
the output signal from each line sensor. 

BRIEF SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to provide an 
image reading apparatus and an image reading method 
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Which are capable of not only reading color images and 
monochromatic images ef?ciently but also making a shading 
correction effective and the image reading apparatus more 
compact and stable by making the Width of the reference 
plate smaller. 

[0009] According to an aspect of the present invention, 
there is provided an image reading apparatus Which reads 
images on the reading face of a document in color or in 
monochrome, the image reading apparatus comprising: a 
line sensor Which includes a color line sensor for reading a 
color image and a monochromatic line sensor for reading a 
monochromatic image different from the color line sensor; a 
scanning section on Which an optical system for directing 
light from the reading face of the document to the line sensor 
is provided; a driving mechanism Which moves the scanning 
section in a feed direction With respect to the reading face of 
the document; a reference plate Which is provided in front of 
the leading edge of the reading face of the document in the 
feed direction in Which the scanning section is moved by the 
driving mechanism; and a control section Which, When the 
reading face of the document is read in color, starts to read 
the reference plate With the color line sensor at the time that 
the scanning section moved in the feed direction by the 
driving mechanism reaches a color reading start position for 
the reference plate, thereby reading the reference plate With 
the color line sensor, and Which, When the reading face of the 
document is read in monochrome, starts to read the reference 
plate With the monochromatic line sensor at the time that the 
scanning section moved in the feed direction by the driving 
mechanism reaches a monochromatic reading start position 
for the reference plate, thereby reading the reference plate 
With the monochromatic line sensor. 

[0010] According to another aspect of the present inven 
tion, there is provide an image reading method used in an 
image reading apparatus Which comprises a line sensor 
Which includes a color line sensor for reading a color image 
and a monochromatic line sensor for reading a monochro 
matic image different from the color line sensor, a scanning 
section on Which an optical system for directing light from 
the reading face of the document to the line sensor is 
provided, a driving mechanism Which moves the scanning 
section in a feed direction With respect to the reading face of 
the document, and a reference plate Which is provided in 
front of the leading edge of the reading face of the document 
in the feed direction in Which the scanning section is moved 
by the driving mechanism, the image reading method com 
prising: When the reading face of the document is read in 
color, starting to read the reference plate With the color line 
sensor at the time that the scanning section moved in the 
feed direction by the driving mechanism reaches a color 
reading start position for the reference plate and thereby 
reading the reference plate With the color line sensor; and 
When the reading face of the document is read in mono 
chrome, starting to read the reference plate With the mono 
chromatic line sensor at the time that the scanning section 
moved in the feed direction by the driving mechanism 
reaches a monochromatic reading start position for the 
reference plate and thereby reading the reference plate With 
the monochromatic line sensor. 

[0011] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
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invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0012] The accompanying drawings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate an 
embodiment of the invention, and together With the general 
description given above and the detailed description of the 
embodiment given beloW, serve to explain the principles of 
the invention. 

[0013] FIG. 1 shoWs the con?guration of a 4-line CCD 
sensor provided in an image reading apparatus according to 
an embodiment of the present invention; 

[0014] FIG. 2 schematically shoWs the con?guration of 
the image reading apparatus according to the embodiment; 

[0015] FIG. 3 is a block diagram of the control system of 
the image reading apparatus; 

[0016] FIG. 4 is a ?oWchart to help explain the operation 
of the entire image reading apparatus roughly; 

[0017] FIG. 5 is a diagram to help explain the operation 
in a case Where the four line sensors read a shading correc 

tion plate in turn; 

[0018] FIG. 6 is a diagram to help explain a shading 
correction plate reading operation in a ?rst reading method; 

[0019] FIG. 7 is a diagram to help explain a shading 
correction plate reading operation in a second reading 
method; 
[0020] FIG. 8 is a diagram to help explain a shading 
correction plate reading operation in a third reading method; 

[0021] FIG. 9 is a diagram to help explain a shading 
correction plate reading operation in a fourth reading 
method; 
[0022] FIG. 10 is a diagram to help explain a shading 
correction plate reading operation in a ?fth reading method; 
and 

[0023] FIG. 11 is a diagram to help explain a shading 
correction plate reading operation in a sixth reading method. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] Hereinafter, referring to the accompanying draW 
ings, an embodiment of the present invention Will be 
explained. 
[0025] FIG. 1 shoWs a con?guration diagram of a 4-line 
CCD sensor 1 provided in an image reading apparatus 
according to an embodiment of the present invention. 

[0026] As shoWn in FIG. 1, the 4-line CCD sensor 1 
comprises a red line sensor R that converts the red compo 
nent of the incident light photoelectrically into an R signal 
representing the intensity of red, a green line sensor G that 
converts the green component of the incident light photo 
electrically into a G signal representing the intensity of 
green, a blue line sensor B that converts the blue component 
of the incident light photoelectrically into a B signal repre 
senting the intensity of blue, and a black-and-White line 
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sensor BW that converts the black and White components of 
the incident light photoelectrically into a BW signal repre 
senting the intensity of black and White. 

[0027] In the 4-line CCD sensor 1, the red line sensor R, 
green line sensor G, and blue line sensor B constitute a color 
line sensor that reads images in color. The black-and-White 
line sensor BW constitutes a monochromatic line sensor that 
reads images in monochrome. 

[0028] The red line sensor R is composed of a CCD line 
sensor With a red ?lter. Therefore, the red line sensor R can 
take in only the red component of the incident light and 
output an R signal. 

[0029] The green line sensor G is composed of a CCD line 
sensor With a green ?lter. Therefore, the green line sensor G 
can take in only the green component of the incident light 
and output and a G signal. 

[0030] The blue line sensor B is composed of a CCD line 
sensor With a blue ?lter. Therefore, the blue line sensor B can 
take in only the blue component of the incident light and 
output and a B signal. 

[0031] In the 4-line CCD sensor 1, the line sensors R, G, 
B, BW are arranged in parallel at speci?c intervals. In an 
example of FIG. 1, the line sensors are arranged in this 
order: R, G, B, BW. Each of the spacing betWeen the red line 
sensor R and the green line sensor G and the spacing 
betWeen the green line sensor G and the blue line sensor B 
is equivalent to eight lines. The spacing betWeen the blue 
line sensor B and the black-and-White line sensor BW is 
equivalent to 12 lines. 

[0032] Speci?cally, as the color line sensors, the red line 
sensor R, green line sensor G, and blue line sensor B are 
arranged in parallel at intervals of eight lines. As the 
monochromatic line sensor, the black-and-White sensor BW 
is arranged in parallel With the blue line sensor B acting as 
a color line sensor, spaced 12 lines apart. One line contains, 
for example, 7450 pixels. One pixel has a siZe of 4.7 pm><4.7 
pm. 

[0033] Next, the con?guration of the image reading appa 
ratus provided With the 4-line CCD sensor Will be explained. 

[0034] FIG. 2 shoWs a con?guration of the image reading 
apparatus according to the embodiment of the present inven 
tion. 

[0035] As shoWn in FIG. 2, the image reading apparatus 
10 comprises a shading correction plate 11, a document table 
12, an exposure lamp 14, a re?ector 15, a ?rst mirror 16, a 
?rst carriage 18, a second carriage 20, a second mirror 22, 
a third mirror 24, an image forming lens 26, a driving motor 
30, and a control unit (control board) 32. 

[0036] The shading correction plate 11 is a reference plate 
for making a shading correction of the output signal of each 
line sensor of the 4-line CCD sensor on a pixel basis. The 
shading correction plate 11 shoWs a White reference. Spe 
cially, in the shading correction, the output data in pixels 
from each line sensor of the 4-line CCD sensor 1 is corrected 
on the basis of the data read from the shading correction 
plate 11. 

[0037] The Width in the feed direction of the shading 
correction plate 11 is determined by the spacing betWeen the 
individual line sensors, the number of reads (the number of 
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reading lines), the reading magni?cation (the travel speed of 
the ?rst carriage), and others. In the con?guration of FIG. 2, 
the shading correction plate 11 is provided just in front of the 
document table 12 in the direction in Which an image is read 
With the ?rst carriage 18 (or in the feed direction). 

[0038] The shading correction plate 11 has to be read 
before the document image is read. It also has to be read in 
a state Where the ?rst carriage 18 is moving stably. For this 
reason, the shading correction plate 11 has to be provided in 
front of the document image reading area (or in front of the 
leading edge of the document) and behind the position 
Where the travel speed of the ?rst carriage 18 started from a 
speci?c standby position becomes stable. 

[0039] Since the above restriction is put on the installation 
location of the shading correction plate 11 in the image 
reading apparatus 10, it is desirable that the Width in the feed 
direction of the shading correction plate 11 should be as 
narroW as possible. In addition, it is desirable that the 
shading correction plate 11 should be read ef?ciently. 

[0040] The document table 12 is composed of a colorless, 
transparent member, such as glass, Which permits light to 
pass through. The document table 12 is provided With a 
document cover (not shoWn). The document on the docu 
ment table 12 is pressed against the glass surface of the 
document table 12 by the document cover (not shoWn). 

[0041] The exposure lamp 14 functions as a light source to 
eliminate the shading correction plate 11 and the document 
D put on the document table 12. The re?ector 15 re?ects a 
part of the light from the exposure lamp 14 and illuminates 
the document D. The ?rst mirror 16 de?ects the re?ected 
light from the shading correction plate 11 or the document 
D in a speci?c direction. 

[0042] The ?rst carriage 18 is provided With the exposure 
lamp 14, re?ector 15, ?rst mirror 16, and others. The ?rst 
carriage 18 is provided under the document table 12 so as to 
be movable in parallel With the document table 12. The ?rst 
carriage 18 is moved back and forth under the document 
table 12 by a driving motor 30 connected to the carriage 18 
via a toothed belt (not shoWn) and others. The driving motor 
30 is composed of a stepping motor driven by a driving pulse 
signal or the like from the control unit 32. 

[0043] Furthermore, under the document table 12, the 
second carriage 20 is provided so as to be movable in 
parallel With the document table 12. On the second carriage 
20, the second mirror 22 and third mirror 24 Which de?ect 
sequentially the re?ected light from the document D 
de?ected by the ?rst mirror 16 are so provided that they 
cross each other at right angles. The driving force of the 
driving motor 30 is imparted to the second carriage 20 by the 
toothed belt and others Which drive the ?rst carriage 18, With 
the result that the second carriage 20 is moved according to 
the movement of the ?rst carriage 18. The second carriage 
20 is moved in parallel With the document table 12 at a speed 
half of the speed of the ?rst carriage 18. 

[0044] In addition, under the document table 12, there are 
provided the image forming lens 26 Which converges the 
re?ected light from the third mirror 24 mounted on the 
second carriage 20 and the 4-line CCD sensor 1 Which 
receives the re?ected light converged by the image forming 
lens 26 and converts it photo-electrically. The image form 
ing lens 26 is provided in a movable manner via a driving 
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mechanism (not shoWn) in a plane that includes the optical 
axis of the light de?ected by the third mirror 24. The image 
forming lens 26 itself moves, thereby forming an image 
from the re?ected light at a desired magni?cation. Then, in 
the 4-line CCD sensor 1, the individual line sensors R, G, B, 
BW convert photoelectrically the light coming in via the 
image forming lens 26 pixel by pixel and output the resulting 
signals to the control unit 32. 

[0045] Next, the con?guration of the control system of the 
image reading apparatus 10 Will be explained. 

[0046] FIG. 3 is a schematic block diagram of the control 
system of the image reading apparatus 10. 

[0047] On the control board 32 of the image reading 
apparatus 10, there are provided a CPU 40, a ROM 41, a 
RAM 42, a signal processing section 43, and a driving 
control section 44. The CPU 40 controls the entire image 
reading apparatus 40. The ROM 41 is a memory in Which 
control programs for performing the image reading opera 
tion and others are stored. The RAM 42 is a memory Which 
stores data temporarily. The signal processing section 43 
processes the signal from the 4-line CCD sensor 1 and 
outputs the resulting signal to the outside World. The driving 
control section 44 has a motor driver Which drives the 
driving motor 30. 

[0048] The signal processing section 43 has a pre-process 
ing circuit 51, a shading correction circuit 52, a line-to-line 
correction circuit 53, and an image processing circuit 54. 

[0049] The preprocessing circuit 51 carries out processes, 
including an A/D conversion process of converting the 
analog signal from the 4-line CCD sensor into a digital 
signal. 
[0050] The shading correction circuit 52 makes correction 
in pixels on the basis of the result of the reading of the 
shading correction plate 11 by the 4-line CCD sensor 1. 
Speci?cally, the shading correction circuit 52 creates cor 
rection data for each pixel on the basis of the result of the 
reading of the shading correction plate 11 as a White refer 
ence plate by the 4-line CCD sensor 1. Furthermore, the 
shading correction circuit 52 corrects the output signals from 
the individual line sensors R, G, B, BW of the 4-line CCD 
sensor 1 according to the correction data created on the basis 
of the result of the reading of the shading correction plate 11. 

[0051] For example, on the basis of the black reference 
data previously read by the line sensors R, G, B, BW (the 
output signals from the respective line sensors When the 
exposure lamp 14 is off) and the White reference data read 
from the shading correction plate 11 by the line sensors R, 
G, B, BW (the output signals from the respective line 
sensors When the shading correction plate 11 as a White 
reference plate is read) the shading correction circuit 52 
corrects the output signals from the line sensors R, G, B, BW 
in pixels in reading the document image by using the 
folloWing equation: 

1=K><(S-B)/(W-B) 
[0052] Where I is the signal after correction, K is a 
coef?cient, S is the output signal before correction (the 
output signal from the line sensor), B is the black reference 
data, and W is the White reference data. 

[0053] The line-to-line correction circuit 53 aligns the data 
from the red line sensor R, the data from the green line 
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sensor G, and the data from the blue line sensor B With one 
another. Speci?cally, the red, green, and blue line sensors are 
so arranged that their lines are shifted several pixels from 
one another. For this reason, to create a color image, the 
phases of the data from the line sensors R, G, and B have to 
be aligned With one another according to the movement 
speed in the feed direction. 

[0054] For example, in the con?guration of FIG. 1, the 
red, green, and blue line sensors R, G, and B as color line 
sensors are arranged in this order: R, G, B, or in the order 
of scanning. The red line sensor R and the green line sensor 
G are so arranged that they are spaced eight pixels apart. The 
green line sensor G and the blue line sensor B are so 

arranged that they are spaced eight pixels apart. In this case, 
if the magni?cation ratio is 25% to 400%, a positional 
correction of 2 to 32 lines has to be made betWeen R and G 
and betWeen G and B in the data from the line sensors R, G, 
B. 

[0055] For example, When the blue line sensor B is used 
as a reference, the line-to-line correction circuit 53 makes a 
positional adjustment of 4 to 64 lines to the data from the red 
line sensor R and a positional adjustment of 2 to 32 to the 
data from the green line sensor G. Making such positional 
adjustments, the line-to-line correction circuit 53 superim 
poses the data of the R signal, G signal, and B signal and 
creates a color image With no off-shade part. 

[0056] The image processing circuit 54 carries out an 
image process and outputs the resulting image to the outside 
World. For example, When outputting a color image, the 
image processing circuit 54 makes a color correction of the 
data subjected to the line-to-line correction and outputs the 
resulting data to the outside World. When outputting a 
monochromatic image, the image processing circuit 54 
effects the ?ltering of the data of the BW signal passed 
through the line-to-line correction circuit and outputs the 
resulting data to the outside World. 

[0057] To the CPU 40, an operation section 60 is con 
nected. The user’s operation instruction is inputted to the 
operation section 60. The operation section 60 is provided 
With, for example, a setting key for setting a read magni? 
cation, an image select key for selecting either color or 
monochrome, a specify key for specifying the start of 
reading. For example, When the user speci?es the reading 
mode for the document from the operation section 60 and 
presses the key for specifying the start of reading, the CPU 
40 starts to read the document image according to the 
speci?ed reading mode. 

[0058] Furthermore, to the CPU 40, a sWitching circuit 61 
and a sWitching circuit 62 are connected. The sWitching 
circuit 61 is a circuit Which sWitches betWeen the G signal 
from the green line sensor G and the BW signal from the 
black-and-White line sensor BW among the signals supplied 
from the 4-line CCD sensor 1 to the signal processing 
section 43. The sWitching circuit 62 is a circuit Which 
sWitches betWeen the B signal from the blue sensor B and 
the BW signal from the black-and-White line sensor BW 
among the signals supplied from the 4-line CCD sensor 1 to 
the signal processing section 43. 

[0059] Speci?cally, in the reading mode of reading images 
in color (color reading mode), the CPU 40 makes the G 
signal effective With the sWitching circuit 61 and the B signal 
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effective With the sWitching circuit 62. In this case, the 4-line 
CCD sensor 1 supplies the R signal from the red line sensor 
R, the G signal from the green line sensor G, and the B signal 
from the blue line sensor B to the signal processing section 
43. This enables the 4-line CCD sensor 1 to read a color 
image. 

[0060] Furthermore, in the reading mode of reading 
images in monochrome (monochromatic reading mode), the 
CPU 40 makes not only the BW signal effective With the 
sWitching circuit 61 but also the BW signal effective With the 
sWitching circuit 62. In this case, the 4-line CCD sensor 1 
supplies the BW signal from the black-and-White line sensor 
BW to the signal processing section 43. This enables the 
4-line CCD sensor 1 to read a monochromatic image. 

[0061] With the con?guration of FIG. 3, When reading a 
monochromatic image, the 4-line CCD sensor 1 supplies the 
BW signals of the tWo channels to the signal processing 
section 43. In this case, one channel supplies the BW signal 
for an even number of lines and the other supplies the BW 
signals for an odd number of lines. 

[0062] Next, the operation of the image reading apparatus 
1 Will be explained brie?y. 

[0063] FIG. 4 is a ?oWchart to help explain the read 
operation of the image reading apparatus 10. 

[0064] When the poWer key (not shoWn) is pressed, the 
CPU 40 executes an initialiZe operation (step S11). In the 
initialize operation, the CPU 40 carries out the initial opera 
tion of the entire image reading apparatus 10, including the 
initialiZation of the driving reference point and the setting of 
the ampli?cation factor by the signal amplifying section. 

[0065] After the initialiZe operation is completed, the CPU 
40 brings the image reading apparatus 10 into the READY 
state of the image reading operation (step S12). In this state, 
the user speci?ed the image reading mode from the opera 
tion section 60 and presses the start key for specifying the 
start of image reading. At this time, the user chooses Whether 
the document image should be read in color (color reading 
mode) or in monochrome (monochromatic reading mode). 
After the user speci?es the start of reading, the operation 
section 60 supplies not only a signal to request the start of 
document image reading but also information representing 
the document reading mode to the CPU 40. 

[0066] Receiving the reading start request from the opera 
tion section 60, the CPU 40 chooses either the color reading 
mode or the monochromatic reading mode, on the basis of 
the information representing the reading mode from the 
operation section 60 (step S13). 

[0067] When the color reading mode is chosen, the CPU 
40 sets a color-reading-mode operation according to the 
reading mode speci?ed by the user, such as a reading 
magni?cation (step S14). In the color reading mode opera 
tion setting, for example, the reading position of the shading 
correction plate 11 and the reading position of the document 
image are set for the three line sensors R, G, B. 

[0068] After the color reading mode operation setting is 
completed, the CPU 40 starts to move the ?rst carriage 18. 
Then, the ?rst carriage 18 accelerates to the travel speed for 
reading set in the operation setting. At the reading speed, the 
?rst carriage 18 moves in the feed direction under the 
shading correction plate 11 and document table 12. When 
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the ?rst carriage 18 has arrived at under the shading cor 
rection plate 11, the CPU 40 reads the shading correction 
plate 11 With the three line sensors R, G, B acting as the 
color line sensors (step S15). The reading of the shading 
correction plate 11 by the color line sensors Will be 
explained in detail later. 

[0069] When the ?rst carriage 18 passes under the shading 
correction plate 11 and arrives at the document irnage 
reading position, the CPU 40 starts to read the image of the 
document placed on the document table 12 by means of the 
three line sensors R, G, B acting as the color line sensors. 
Moreover, When the ?rst carriage 18 has reached the reading 
end position of the document, the CPU 40 ends the reading 
of the document irnage (step S16). 

[0070] After the document image has been read, the CPU 
40 moves the ?rst carriage 18 to a speci?c standby position. 
When the ?rst carriage 18 has moved to the standby posi 
tion, the CPU 40 returns control to step S12 and brings the 
image reading apparatus 10 into the READY state. 

[0071] When the monochromatic reading mode is chosen 
in step S13, the CPU 40 sets a rnonochrornatic-reading 
rnode operation according to the reading rnode speci?ed by 
the user, such as a reading rnagni?cation (step S17). In the 
monochromatic reading mode operation setting, for 
example, the reading position of the shading correction plate 
11 and the reading position of the document image are set for 
the monochromatic line sensor (black-and-White line sensor) 
BW. 

[0072] After the monochromatic reading mode operation 
setting is completed, the CPU 40 starts to move the ?rst 
carriage 18. Then, the ?rst carriage 18 accelerates to the 
travel speed for reading set in the operation setting. At the 
reading speed, the ?rst carriage 18 moves in the feed 
direction under the shading correction plate 11 and docu 
rnent table 12. When the ?rst carriage 18 has arrived at under 
the shading correction plate 11, the CPU 40 reads the 
shading correction plate 11 With the black-and-White line 
sensor BW acting as the monochromatic line sensor (step 
S18). The reading of the shading correction plate 11 by the 
monochromatic line sensor Will be explained in detail later. 

[0073] When the ?rst carriage 18 passes under the shading 
correction plate 11 and arrives at the document irnage 
reading position, the CPU 40 starts to read the image of the 
document placed on the document table 12 by means of the 
black-and-White line sensor BW acting as the rnonochro 
rnatic line sensor. Moreover, When the ?rst carriage 18 has 
reached the reading end position of the document, the CPU 
40 ends the reading of the document irnage (step S19). After 
the document image has been read, the CPU 40 moves the 
?rst carriage 18 to a speci?c standby position. When the ?rst 
carriage 18 has moved to the standby position, the CPU 40 
returns control to step S12 and brings the image reading 
apparatus 10 into the READY state. 

[0074] Next, the operation of reading the shading correc 
tion plate 11 Will be explained. 

[0075] In shading correction explained beloW, suppose 
each of the line sensors R, G, B, BW of the 4-line CCD 
sensor 1 reads 16 lines of data as shading correction data. 

[0076] FIG. 5 is a diagram to help explain the reading 
positions in a case Where the line sensors R, G, B, BW read 
the shading correction plate 11 in turn. 
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[0077] In the example of FIG. 5, it is assumed that the 
scanning positions of the line sensors R, G, B, BW are 
arranged in the order of BW, B, G, R in the direction in 
Which the carriage 18 moves (or in the feed direction) and 
that the control unit 32 takes in the signals from the 4-line 
CCD sensor in this order: the R signal, G signal, B signal, 
BW signal. 

[0078] Speci?cally, in the example of FIG. 5, ?rst, the red 
line sensor R reads the shading correction plate 11 by 16 
lines. Then, the green line sensor G reads the shading 
correction plate 11 by 16 lines. Then, the blue line sensor B 
reads the shading correction plate 11 by 16 lines. Then, the 
black-and-White line sensor BW reads the shading correc 
tion plate 11 by 16 lines. 

[0079] In this case, for example, if one line is 0.0425 mm 
in Width (hereinafter, explanation Will be given on the 
assumption that one line is 0.0425 mm Wide), the Width 
needed for the red line sensor R to read the shading 
correction plate 11 by 16 lines is 0.68 mm equivalent to 16 
lines. 

[0080] Furthermore, the Width needed for the green line 
sensor G to red the shading correction plate 11 by 16 lines 
from the point Where the read line sensor R read 16 lines is 
the sum of 0.34 mm equivalent to the spacing of 8 lines 
betWeen the red line sensor R and the green line sensor G 
and 0.68 mm equivalent to 16 lines (the number of reading 
lines). 
[0081] In addition, the Width needed for the blue line 
sensor B to read the shading correction plate 11 by 16 lines 
from the point Where the green line sensor G read 16 lines 
is the sum of 0.34 mm equivalent to the spacing of 8 lines 
betWeen the green line sensor G and the blue line sensor B 
and 0.68 mm equivalent to 16 lines (the number of reading 
lines). 
[0082] Moreover, the Width needed for the black-and 
White line sensor BW to read the shading correction plate 11 
by 16 lines from the point Where the blue line sensor B read 
16 lines is the sum of 0.51 mm equivalent to the spacing of 
12 lines betWeen the blue line sensor B and the black-and 
White line sensor BW and 0.68 mm equivalent to 16 lines 
(the number of reading lines). 

[0083] Therefore, in the example of FIG. 5, the Width in 
the feed direction of the shading correction plate 11 has to 
be equal to at least the total (3.91 mm equivalent to 92 lines) 
of the reading Widths (equivalent to 16x4 lines) of the four 
line sensors R, G, B. BW and the total spacing betWeen the 
four line sensors (equivalent to 8><2+12 lines). In FIG. 5, 
during the time from When the reading of the shading 
correction plate 11 is started until the reading is completed, 
the ?rst carriage 18 requires a travel distance L0 of 2.72 mm 
equivalent to 64 (16x4) lines. 

[0084] Hereinafter, a ?rst to a third reading method for the 
shading correction method 11 Will be explained. 

[0085] The ?rst to third reading methods can be applied to 
the image reading apparatus 10 Where the scanning positions 
of the line sensors R, G, B, BW are arranged in the order of 
R, G, B, BW in the direction in Which the ?rst carriage 18 
moves (or in the feed direction). 

[0086] First, the ?rst reading method for the shading 
correction plate 11 Will be explained. 



US 2004/0174575 A1 

[0087] FIG. 6 is a diagram to help explain the ?rst reading 
method for the shading correction plate 11. In the example 
of FIG. 6, the scanning positions of the line sensors R, G, 
B, BW are arranged in the order of R, G, B, BW in the 
direction in Which the ?rst carriage 18 moves (or in the feed 
direction). In FIG. 6, suppose, in the color reading mode, the 
control unit 32 reads the signals from the three line sensors 
R, G, B in this order: the B signal, the G signal, and the R 
signal. 

[0088] In FIG. 6, in the color reading mode, With the 
scanning position of the blue line sensor B as the reading 
start position (the trailing edge in the feed direction of the 
shading correction plate 11), the blue line sensor B ?rst reads 
the shading correction plate 11 by 16 lines. Then, the green 
line sensor G reads the shading correction plate 11 by 16 
lines. Thereafter, the red line sensor R reads the shading 
correction plate 11 by 16 lines. 

[0089] Speci?cally, in the color reading mode, the Width in 
the feed direction of the shading correction plate 11 is equal 
to the total (2.72 mm) of the Width (0.68 mm) needed for the 
blue line sensor B to read 16 lines, the spacing of 8 lines 
(0.34 mm) betWeen the blue line sensor B and the green line 
sensor G, the Width (0.68 mm) needed for the green line 
sensor G to read 16 lines, the spacing of 8 lines (0.34 mm) 
betWeen the green line sensor G and the red line sensor R, 
and the Width (0.68 mm) needed for the red line sensor R to 
read 16 lines. In addition, When the shading correction plate 
11 is read in the color reading mode, the travel distance L11 
of the ?rst carriage 18 is equivalent to 48 lines (16x3 lines). 

[0090] In the monochromatic reading mode, With the 
scanning position of the black-and-White line sensor BW as 
the reading start position (the trailing edge in the feed 
direction of the shading correction plate 11), the black-and 
White line sensor BW reads the shading correction plate 11 
by 16 lines. Speci?cally, in the monochromatic reading 
mode, the Width in the feed direction needed for the black 
and-White line sensor BW to read the shading correction 
plate 11 by 16 lines is 0.68 mm equivalent to 16 lines (the 
number of reading lines). In addition, When the shading 
correction plate 11 is read in the monochromatic reading 
mode, the travel distance L21 of the ?rst carriage 18 is 
equivalent to 16 lines. 

[0091] As described above, in the ?rst reading method, the 
Width in the feed direction of the shading correction plate 11 
has to be equal to the total (equivalent to 64 lines) of the 
reading Widths (equivalent to 16><3 lines) of at least the three 
line sensors R, G, and B and the total spacing (equivalent to 
8><2 lines) betWeen the three line sensors in the color reading 
mode. In the monochromatic reading mode, the Width has to 
be the reading Width (equivalent to 16 lines) of at least the 
black-and-White line sensor BW. 

[0092] Furthermore, in the ?rst embodiment, the reading 
start position of the shading correction plate 11 in the 
monochromatic reading mode and the reading start position 
of the shading correction plate 11 in the color reading mode 
are set separately. 

[0093] Therefore, in the ?rst reading method of FIG. 6, 
the shading correction plate 11 has only to have a Width of 
64 lines in the feed direction. Speci?cally, as compared With 
the reading method of FIG. 5, in the ?rst method, the Width 
in the feed direction of the shading correction plate 11 can 
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be decreased by the total of the spacing (equivalent to 12 
lines) betWeen the color line sensors (three line sensors R, G, 
B) and the monochromatic line sensor (black-and-White line 
sensor BW) and the reading Width (equivalent to 16 lines) of 
the black-and-White line sensor BW. In addition, the travel 
distance of the ?rst carriage in reading the shading correc 
tion plate can be decreased by the travel distance (equivalent 
to 16 lines) needed to read the black-and-White line sensor 
BW. This is the effect obtained because the reading position 
(the reading start position) of the shading correction plate in 
the color reading mode and the reading position (the reading 
start position) of the shading correction plate in the mono 
chromatic reading mode have been set in separate positions. 

[0094] Next, the second reading method for the shading 
correction plate 11 Will be explained. 

[0095] FIG. 7 is a diagram to help explain the second 
reading method for the shading correction plate 11. In the 
example of FIG. 7, the scanning positions of the line sensors 
R, G, B, BW are arranged in the order of R, G, B, BW in the 
direction in Which the ?rst carriage 18 moves (or in the feed 
direction). In FIG. 7, suppose, in the color reading mode, the 
control unit 32 reads the signals from the three line sensors 
R, G, B in this order: the R signal, the G signal, and the B 
signal. 
[0096] In FIG. 7, in the color reading mode, With the 
scanning position of the red line sensor R as the reading start 
position (the trailing edge in the feed direction of the shading 
correction plate 11), the red line sensor R ?rst reads the 
shading correction plate 11 by 16 lines. Then, the green line 
sensor G reads the shading correction plate 11 by 16 lines. 
Thereafter, the blue line sensor B reads the shading correc 
tion plate 11 by 16 lines. 

[0097] Speci?cally, in the color reading mode, the Width in 
the feed direction of the shading correction plate is equal to 
the total (1.36 mm) of the Width (0.38 mm) obtained by 
subtracting the spacing of 8 lines (0.34 mm) betWeen the red 
line sensor R and the green line sensor G from the Width 
(0.68 mm) needed for the red line sensor R to read 16 lines, 
the Width (0.38 mm) obtained by subtracting the spacing of 
8 lines (0.34 mm) betWeen the green line sensor G and the 
blue line sensor B from the Width (0.68 mm) needed for the 
green line sensor G to read 16 lines, and the Width (0.68 mm) 
needed for the blue line sensor B to read 16 lines. In 
addition, When the shading correction plate 11 is read in the 
color reading mode, the travel distance L12 of the ?rst 
carriage 18 is equivalent to 48 lines (16x3 lines) as is the 
travel distance L11 in the ?rst reading method. 

[0098] In the monochromatic reading mode, With the 
scanning position of the black-and-White line sensor BW as 
the reading start position (the trailing edge in the feed 
direction of the shading correction plate 11), the black-and 
White line sensor BW reads the shading correction plate 11 
by 16 lines. Speci?cally, in the monochromatic reading 
mode, the Width in the feed direction needed for the black 
and-White line sensor BW to read the shading correction 
plate 11 by 16 lines is 0.68 mm equivalent to 16 lines (the 
number of reading lines). In addition, When the shading 
correction plate 11 is read in the monochromatic reading 
mode, the travel distance L22 of the ?rst carriage 18 is 
equivalent to 16 lines as is the travel distance L21 in the ?rst 
reading method. 
[0099] As described above, in the second embodiment, the 
reading start position of the shading correction plate 11 in 
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the color reading mode and the reading start position of the 
shading correction plate 11 in the monochromatic reading 
mode are set separately. The Width in the feed direction of 
the shading correction plate 11 has to be equal to the value 
(equivalent to 32 lines) obtained by subtracting the total 
spacing betWeen the three line sensors (equivalent to 8><2 
lines) from the reading Widths of at least the three line 
sensors R, G, and B (equivalent to 16><3 lines) in the color 
reading mode. In the monochromatic reading mode, the 
Width has to be the reading Width (equivalent to 16 lines) of 
at least the black-and-White line sensor BW. 

[0100] Therefore, in the second reading method of FIG. 7, 
the shading correction plate has only to have a Width of 32 
lines in the feed direction. Speci?cally, in the second reading 
method of FIG. 7, the travel distance of the ?rst carriage in 
reading the shading correction plate is the same as in the ?rst 
reading method of FIG. 6 and the Width in the feed direction 
of the shading correction plate is decreased by tWice the total 
spacing betWeen the three line sensors. 

[0101] Next, the third reading method for the shading 
correction plate 11 Will be explained. 

[0102] FIG. 8 is a diagram to help explain the third 
reading method for the shading correction plate 11. In the 
example of FIG. 8, the scanning positions of the line sensors 
R, G, B, BW are arranged in the order of R, G, B, BW in the 
direction in Which the ?rst carriage 18 moves (or in the feed 
direction). In FIG. 8, suppose, in the color reading mode, the 
control unit 32 takes in the signals (the R signal, G signal, 
and B signal) from the three line sensors R, G, B at the same 
time. 

[0103] In FIG. 8, in the color reading mode, With the 
scanning position of the blue line sensor B as the reading 
start position (the trailing edge in the feed direction of the 
shading correction plate 11), the red line sensor R, green line 
sensor G, and blue line sensor B each read the shading 
correction plate 11 by 16 lines at the same time. 

[0104] Speci?cally, in the color reading mode, the Width in 
the feed direction of the shading correction plate 11 is equal 
to the total (1.36 mm) of the Width (0.68 mm) required for 
each of the red line sensor R, green line sensor G, and blue 
line sensor B to read 16 lines, the spacing (0.34 mm) of 8 
lines betWeen the red line sensor R and the green line sensor 
G, and the spacing (0.34 mm) of 8 lines betWeen the green 
line sensor G and the blue line sensor B. In addition, When 
the shading correction plate 11 is read in the color reading 
mode, the travel distance L13 of the ?rst carriage 18 is 
equivalent to 16 lines. 

[0105] In the monochromatic reading mode, With the 
scanning position of the black-and-White line sensor BW as 
the reading start position (the trailing edge in the feed 
direction of the shading correction plate 11), the black-and 
White line sensor BW reads the shading correction plate 11 
by 16 lines. Speci?cally, in the monochromatic reading 
mode, the Width in the feed direction needed for the black 
and-White line sensor BW to read the shading correction 
plate 11 by 16 lines is 0.68 mm equivalent to 16 lines (the 
number of reading lines). In addition, When the shading 
correction plate 11 is read in the monochromatic reading 
mode, the travel distance L23 of the ?rst carriage 18 is 
equivalent to 16 lines. 

[0106] As described above, in the third reading method, 
the reading start position of the shading correction plate 11 
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in the color reading mode and the reading start position of 
the shading correction plate 11 in the monochromatic read 
ing mode are set separately. The Width in the feed direction 
of the shading correction plate 11 has to be equal to the total 
(equivalent to 32 lines) of the reading Widths (equivalent to 
16 lines) of the line sensors R, G, B and the total spacing 
betWeen the three line sensors (equivalent to 8><2 lines) in 
the color reading mode. In the monochromatic reading 
mode, the Width has to be the reading Width (equivalent to 
16 lines) of at least the black-and-White line sensor BW. 

[0107] Therefore, in the third reading method of FIG. 8, 
the shading correction plate has only to have a Width of 32 
lines in the feed direction. Speci?cally, in the third reading 
method of FIG. 8, the Width in the feed direction of the 
shading correction plate is the same as in the second reading 
method of FIG. 7, but the travel distance of the ?rst carriage 
in reading the shading correction plate can be made smaller. 
If the travel speed of the ?rst carriage in the third reading 
method is the same as that in the second reading method, the 
time required to read the shading correction plate can be 
made shorter in the third reading method than in the second 
reading method. Therefore, the time needed to make a 
shading correction can be made shorter. 

[0108] Hereinafter, a fourth to a sixth reading method for 
the shading correction method 11 Will be explained. 

[0109] The fourth to sixth reading methods can be applied 
to the image reading apparatus 10 Where the scanning 
positions of the line sensors R, G, B, BW are arranged in the 
order of BW, B, G, R in the direction in Which the ?rst 
carriage 18 moves (or in the feed direction). 

[0110] First, the fourth reading method for the shading 
correction plate 11 Will be explained. 

[0111] FIG. 9 is a diagram to help explain the fourth 
reading method for the shading correction plate 11. In the 
example of FIG. 9, the scanning positions of the line sensors 
R, G, B, BW are arranged in the order of BW, B, G, R in the 
direction in Which the ?rst carriage 18 moves (or in the feed 
direction). In FIG. 9, suppose, in the color reading mode, the 
control unit 32 reads the signals from the three line sensors 
R, G, B in this order: the R signal, the G signal, and the B 
signal. 

[0112] In FIG. 9, in the color reading mode, With the 
scanning position of the red line sensor R as the reading start 
position (the trailing edge in the feed direction of the shading 
correction plate 11), the red line sensor R ?rst reads the 
shading correction plate 11 by 16 lines. Then, the green line 
sensor G reads the shading correction plate 11 by 16 lines. 
Thereafter, the blue line sensor B reads the shading correc 
tion plate 11 by 16 lines. 

[0113] Speci?cally, in the color reading mode, the Width in 
the feed direction of the shading correction plate 11 is equal 
to the total (2.72 mm) of the Width (0.68 mm) needed for the 
red line sensor R to read 16 lines, the spacing of 8 lines (0.34 
mm) betWeen the red line sensor R and the green line sensor 
G, the Width (0.68 mm) needed for the green line sensor G 
to read 16 lines, the spacing of 8 lines (0.34 mm) betWeen 
the green line sensor G and the blue line sensor B, and the 
Width (0.68 mm) needed for the blue line sensor B to read 
16 lines. In addition, When the shading correction plate 11 is 
read in the color reading mode, the travel distance L14 of the 
?rst carriage 18 is equivalent to 48 lines (16><3 lines). 



US 2004/0174575 A1 

[0114] In the monochromatic reading mode, With the 
scanning position of the black-and-White line sensor BW as 
the reading start position (the trailing edge in the feed 
direction of the shading correction plate 11), the black-and 
White line sensor BW reads the shading correction plate 11 
by 16 lines. Speci?cally, in the monochromatic reading 
mode, the Width in the feed direction needed for the black 
and-White line sensor BW to read the shading correction 
plate 11 by 16 lines is 0.68 mm equivalent to 16 lines (the 
number of reading lines). In addition, When the shading 
correction plate 11 is read in the monochromatic reading 
mode, the travel distance L24 of the ?rst carriage 18 is 
equivalent to 16 lines. 

[0115] As described above, in the fourth reading method, 
the reading start position of the shading correction plate 11 
in the color reading mode and the reading start position of 
the shading correction plate 11 in the monochromatic read 
ing mode are set separately as in the ?rst reading method. 
The Width in the feed direction of the shading correction 
plate 11 has to be equal to the total (equivalent to 64 lines) 
of the reading Widths (equivalent to 16><3 lines) of at least 
the three line sensors R, G, and B and the total spacing 
betWeen the three line sensors (equivalent to 8><2 lines) in 
the color reading mode. In the monochromatic reading 
mode, the Width has to be the reading Width (equivalent to 
16 lines) of at least the black-and-White line sensor BW. 

[0116] Therefore, in the fourth reading method of FIG. 9, 
the shading correction plate has only to have a Width of 64 
lines in the feed direction. Speci?cally, as compared With the 
reading method of reading the four line sensors R. G, B, BW 
in the order of R, G, B, BW, in the fourth reading method, 
the Width in the feed direction of the shading correction plate 
11 can be decreased by the total of the spacing (12 lines) 
betWeen the color line sensors (three line sensors R, G, B) 
and the monochromatic line sensor (black-and-White line 
sensor BW) and the reading Width (equivalent to 16 lines) of 
the black-and-White line sensor BW. In addition, the travel 
distance of the ?rst carriage in reading the shading correc 
tion plate can be decreased by the travel distance (equivalent 
to 16 lines) needed for the black-and-White line sensor BW 
to read. This is the effect obtained because the reading 
position (the reading start position) of the shading correction 
plate in the color reading mode and the reading position (the 
reading start position) of the shading correction plate in the 
monochromatic reading mode have been set in separate 
positions. 
[0117] Next, the ?fth reading method for the shading 
correction plate 11 Will be explained. 

[0118] FIG. 10 is a diagram to help explain the ?fth 
reading method for the shading correction plate 11. In the 
example of FIG. 10, the scanning positions of the line 
sensors R, G, B, BW are arranged in the order of BW, B, G, 
R in the direction in Which the ?rst carriage 18 moves (or in 
the feed direction). In FIG. 10, suppose, in the color reading 
mode, the control unit 32 reads the signals from the three 
line sensors R, G, B in this order: the B signal, the G signal, 
and the R signal. 

[0119] In FIG. 10, in the color reading mode, With the 
scanning position of the blue line sensor B as the reading 
start position (the trailing edge in the feed direction of the 
shading correction plate 11), the blue line sensor B ?rst reads 
the shading correction plate 11 by 16 lines. Then, the green 
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line sensor G reads the shading correction plate 11 by 16 
lines. Thereafter, the red line sensor R reads the shading 
correction plate 11 by 16 lines. 

[0120] Speci?cally, in the color reading mode, the Width in 
the feed direction of the shading correction plate 11 is equal 
to the total (1.36 mm) of the Width (0.38 mm) obtained by 
subtracting the spacing of 8 lines (0.34 mm) betWeen the 
blue line sensor B and the green line sensor G from the Width 
(0.68 mm) needed for the blue line sensor R to read 16 lines, 
the Width (0.38 mm) obtained by subtracting the spacing of 
8 lines (0.34 mm) betWeen the green line sensor G and the 
red line sensor R from the Width (0.68 mm) needed for the 
green line sensor G to read 16 lines, and the Width (0.68 mm) 
needed for the red line sensor R to read 16 lines. In addition, 
When the shading correction plate 11 is read in the color 
reading mode, the travel distance L15 of the ?rst carriage 18 
is equivalent to 48 lines (16><3 lines) as is the travel distance 
L14 in the fourth reading method. 

[0121] In the monochromatic reading mode, With the 
scanning position of the black-and-White line sensor BW as 
the reading start position (the trailing edge in the feed 
direction of the shading correction plate 11), the black-and 
White line sensor BW reads the shading correction plate 11 
by 16 lines. Speci?cally, in the monochromatic reading 
mode, the Width in the feed direction needed for the black 
and-White line sensor BW to read the shading correction 
plate 11 by 16 lines is 0.68 mm equivalent to 16 lines (the 
number of reading lines). In addition, When the shading 
correction plate 11 is read in the monochromatic reading 
mode, the travel distance L25 of the ?rst carriage 18 is 
equivalent to 16 lines as is the travel distance L24 in the 
fourth reading method. 

[0122] As described above, in the ?fth embodiment, the 
reading start position of the shading correction plate 11 in 
the color reading mode and the reading start position of the 
shading correction plate 11 in the monochromatic reading 
mode are set separately. The Width in the feed direction of 
the shading correction plate 11 has to be equal to the value 
(equivalent to 32 lines) obtained by subtracting the total 
spacing betWeen the three line sensors (equivalent to 8><2 
lines) from the reading Widths of at least the three line 
sensors R, G, and B (equivalent to 16><3 lines) in the color 
reading mode. In the monochromatic reading mode, the 
Width has to be the reading Width (equivalent to 16 lines) of 
at least the black-and-White line sensor BW. 

[0123] Therefore, in the ?fth reading method of FIG. 10, 
the shading correction plate has only to have a Width of 32 
lines in the feed direction. Speci?cally, in the ?fth reading 
method of FIG. 10, the travel distance of the ?rst carriage 
in reading the shading correction plate is the same as in the 
fourth reading method of FIG. 9 and the Width in the feed 
direction of the shading correction plate is decreased by 
tWice the total spacing betWeen the three line sensors. 

[0124] Next, the sixth reading method for the shading 
correction plate 11 Will be explained. 

[0125] FIG. 11 is a diagram to help explain the sixth 
reading method for the shading correction plate 11. In the 
example of FIG. 11, the scanning positions of the line 
sensors R, G, B, BW are arranged in the order of BW, B, G, 
R in the direction in Which the ?rst carriage 18 moves (or in 
the feed direction). In FIG. 11, suppose, in the color reading 
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mode, the control unit 32 takes in the signals (the R signal, 
G signal, and B signal) from the three line sensors R, G, B 
at the same time. 

[0126] In FIG. 11, in the color reading mode, With the 
scanning position of the red line sensor R as the reading start 
position (the trailing edge in the feed direction of the shading 
correction plate 11), the red line sensor R, green line sensor 
G, and blue line sensor B each read the shading correction 
plate 11 by 16 lines at the same time. 

[0127] Speci?cally, in the color reading mode, the Width in 
the feed direction of the shading correction plate 11 is equal 
to the total (1.36 mm) of the Width (0.68 mm) required for 
each of the red line sensor R, green line sensor G, and blue 
line sensor B to read 16 lines, the spacing (0.34 mm) of 8 
lines betWeen the red line sensor R and the green line sensor 
G, and the spacing (0.34 mm) of 8 lines betWeen the green 
line sensor G and the blue line sensor B. In addition, When 
the shading correction plate 11 is read in the color reading 
mode, the travel distance L16 of the ?rst carriage 18 is 
equivalent to 16 lines. 

[0128] In the monochromatic reading mode, With the 
scanning position of the black-and-White line sensor BW as 
the reading start position (the trailing edge in the feed 
direction of the shading correction plate 11), the black-and 
White line sensor BW reads the shading correction plate 11 
by 16 lines. Speci?cally, in the monochromatic reading 
mode, the Width in the feed direction needed for the black 
and-White line sensor BW to read the shading correction 
plate 11 by 16 lines is 0.68 mm equivalent to 16 lines (the 
number of reading lines). In addition, When the shading 
correction plate 11 is read in the monochromatic reading 
mode, the travel distance L26 of the ?rst carriage 18 is 
equivalent to 16 lines. 

[0129] As described above, in the siXth reading method, 
the reading start position of the shading correction plate 11 
in the color reading mode and the reading start position of 
the shading correction plate 11 in the monochromatic read 
ing mode are set separately. The Width in the feed direction 
of the shading correction plate 11 has to be equal to the total 
(equivalent to 32 lines) of the reading Widths (equivalent to 
16 lines) of the line sensors R, G, B and the total spacing 
betWeen the three line sensors (equivalent to 8><2 lines) in 
the color reading mode. In the monochromatic reading 
mode, the Width has to be the reading Width (equivalent to 
16 lines) of at least the black-and-White line sensor BW. 

[0130] Therefore, in the siXth reading method of FIG. 11, 
the shading correction plate has only to have a Width of 32 
lines in the feed direction. Speci?cally, in the siXth reading 
method of FIG. 11, the Width in the feed direction of the 
shading correction plate is the same as in the ?fth reading 
method of FIG. 10, but the travel distance of the ?rst 
carriage in reading the shading correction plate can be made 
smaller. If the travel speed of the ?rst carriage in the siXth 
reading method is the same as that in the ?fth reading 
method, the time required to read the shading correction 
plate can be made shorter in the siXth reading method than 
in the ?fth reading method. Therefore, the time needed to 
make a shading correction can be made shorter. 

[0131] Next, the difference betWeen the ?rst to siXth 
reading methods and their applications Will be eXplained. 

[0132] The ?rst to siXth reading methods are selected 
suitably according to the speci?cations of the image reading 
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apparatus, including the arrangement of the scanning posi 
tions of the line sensors in the feed direction, the order in 
Which the signals from the sensors are taken in, and the Way 
the signals from the sensors are taken in. This makes it 
possible to design the best shading correction plate and 
make the most suitable shading correction according to 
various types of image reading apparatuses. 

[0133] The ?rst to third reading methods are applied to, for 
eXample, the folloWing image reading apparatuses. 

[0134] The ?rst reading method can be applied to an 
image reading apparatus Where the arrangement of the 
scanning positions in the feed direction of the line sensors R, 
G, B, BW in the 4-line CCD sensor 1 is in the order of R, 
G, B, BW and the color line sensors R, G, B are designed to 
read the shading correction plate 11 in this order: B, G, R. 

[0135] The second reading method can be applied to an 
image reading apparatus Where the arrangement of the 
scanning positions in the feed direction of the line sensors R, 
G, B, BW in the 4-line CCD sensor 1 is in the order of R, 
G, B, BW and the color line sensors R, G, B are designed to 
read the shading correction plate 11 in this order: R, G, B. 

[0136] When the arrangement of the scanning positions in 
the feed direction of the line sensors R, G, B, BW in the 
4-line CCD sensor 1 is in the order of R, G, B, BW and the 
order in Which the color line sensors R, G, B reads can be 
selected, the ?rst or second reading method can be applied. 
Since the shading correction plate 11 can be made narroWer 
in the second reading method than in the ?rst reading 
method, it is desirable to apply the second reading method. 

[0137] The third reading method can be applied to an 
image reading apparatus Where the arrangement of the 
scanning positions in the feed direction of the line sensors R, 
G, B, BW in the 4-line CCD sensor 1 is in the order of R, 
G, B, BW and the color line sensors R, G, B are designed to 
read the shading correction plate 11 at the same time. 

[0138] The fourth to siXth reading methods are applied to, 
for eXample, the folloWing image reading apparatuses. 

[0139] The fourth reading method can be applied to an 
image reading apparatus Where the arrangement of the 
scanning positions in the feed direction of the line sensors R, 
G, B, BW in the 4-line CCD sensor 1 is in the order of BW, 
B, G, R and the color line sensors R, G, B are designed to 
read the shading correction plate 11 in this order: R, G, B. 

[0140] The ?fth reading method can be applied to an 
image reading apparatus Where the arrangement of the 
scanning positions in the feed direction of the line sensors R, 
G, B, BW in the 4-line CCD sensor 1 is in the order of BW, 
B, G, R and the color line sensors R, G, B are designed to 
read the shading correction plate 11 in this order: B, G, R. 

[0141] When the arrangement of the scanning positions in 
the feed direction of the line sensors R, G, B, BW in the 
4-line CCD sensor 1 is in the order of BW, B, G, R and the 
order in Which the color line sensors R, G, B reads can be 
selected, the fourth or ?fth reading method can be applied. 
Since the shading correction plate 11 can be made narroWer 
in the ?fth reading method than in the fourth reading 
method, it is desirable to apply the ?fth reading method. 

[0142] The siXth reading method can be applied to an 
image reading apparatus Where the arrangement of the 






